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(54) PRODUCTION METHOD FOR CALCIUM PHOSPHATE-BASED POROUS CERAMIC SINTERED COMPACT 
AND CALCIUM PHOSPHATE-BASED POROUS CERAMIC SINTERED COMPACT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a production method for a 
calcium phosphate-based porous ceramic sintered compact having 
moderate porosity and high strength. 

SOLUTION: This method for producing a calcium phosphate-based 
porous ceramic sintered compact having 5 to 50% of porosity by utilizing 
the gelation of a water soluble polymer comprises (1) making a slurry 
containing a calcined calcium phosphate-based ceramic powder and a 
water soluble polymer compound, (2) pulverizing and dispersing the 
ceramic powder in the slurry by agitating it, (3) performing a gelation, and j 
(4) sintering after drying. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a production 
method for a calcium phosphate-based porous ceramic 
sintered compact having moderate porosity and high 
strength. 

SOLUTION: This method for producing a calcium 
phosphate-based porous ceramic sintered compact 
having 5 to 50% of porosity by utilizing the gelation of a 
water soluble polymer comprises (1) making a slurry 
containing a calcined calcium phosphate-based ceramic 
powder and a water soluble polymer compound, (2) 
pulverizing and dispersing the ceramic powder in the 
slurry by agitating it (3) performing a gelation, and (4) 
sintering after drying. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the approach of manufacturing the porosity calcium phosphate system ceramic 
sintered compact whose porosity is 5 - 50% using gelation of a water soluble polymer (1) The 
slurry containing the calcium phosphate system ceramic fine particles which performed 
temporary quenching treatment, and a water soluble polymer compound is produced. (2) By 
stirring said slurry strongly, said calcium phosphate system ceramic fine particles are ground and 
distributed, and it is (3). It is made to gel and is (4). The manufacture approach of the porosity 
calcium phosphate system ceramic sintered compact characterized by sintering after 
desiccation. 

[Claim 2] It is the mean particle diameter 5-20 which, as for said calcium phosphate system 
ceramic fine particles, average major-axis length becomes from the primary particle of the 
calcium phosphate system ceramics below 100 nm in the manufacture approach of a porosity 
calcium phosphate system ceramic sintered compact according to claim 1. The manufacture 
approach of the porosity calcium phosphate system ceramic sintered compact characterized by 
being the spherical aggregated particle of mum. 

[Claim 3] the manufacture approach of a porosity calcium phosphate system ceramic sintered 
compact according to claim 1 or 2 — setting — the weight ratio of calcium/P of said calcium 
phosphate system ceramic fine particles — 1.5-1.7 it is — the manufacture approach of the 
porosity calcium phosphate system ceramic sintered compact characterized by things. 
[Claim 4] The manufacture approach of the porosity calcium phosphate system ceramic sintered 
compact characterized by performing said temporary quenching. treatment by 700 - 850 ** in 
the manufacture approach of a porosity calcium phosphate system ceramic sintered compact 
according to claim 1 to 3. 

[Claim 5] It is the manufacture approach of the porosity calcium phosphate system ceramic 
sintered compact characterized by said water soluble polymer compound being a cellulosic in the 
manufacture approach of a porosity calcium phosphate system ceramic sintered compact 
according to claim 1 to 4. 

[Claim 6] The manufacture approach of the porosity calcium phosphate system ceramic sintered 
compact characterized by stirring said slurry according to the stirring force more than 50 W/L in 
the manufacture approach of a porosity calcium phosphate system ceramic sintered compact 
according to claim 1 to 5. 

[Claim 7] It sets to the manufacture approach of a porosity calcium phosphate system ceramip 
sintered compact according to claim 1 to 6, and they are stirring grinding and distributed 
processing of said slurry 1-60 The manufacture approach of the porosity calcium phosphate 
system ceramic sintered compact characterized by carrying out between parts. 
[Claim 8] It sets to the manufacture approach of a porosity calcium phosphate system ceramic 
sintered compact according to claim 1 to 7, and they are said calcium phosphate system ceramic 
fine particles 100. It is said water soluble polymer compound 1-10 to the weight section. The 
manufacture approach of the porosity calcium phosphate system ceramic sintered compact 
characterized by blending the weight section. 

[Claim 9] It is the manufacture approach of the porosity calcium phosphate system ceramic 



sintered compact which sets to the manufacture approach of a porosity calcium phosphate 
system ceramic sintered compact according to claim 1 to 8, and is characterized by the sum 
density of said calcium phosphate system ceramic fine-particles + aforementioned water soluble 
polymer compound in said slurry being 20 - 50 % of the weight 

[Claim 10] The manufacture approach of the porosity calcium phosphate system ceramic 
sintered compact characterized by said calcium phosphate system ceramic fine particles being 
hydroxyapatite fine particles in the manufacture approach of a porosity calcium phosphate 
system ceramic sintered compact according to claim 1 to 9. 

[Claim 11] The porosity calcium phosphate system ceramic sintered compact obtained by the 
manufacture approach of a porosity calcium phosphate system ceramic sintered compact 
according to claim 1 to 10. 

[Claim 12] The porosity calcium phosphate system ceramic sintered compact characterized by 
having the three-point flexural strength more than 15 MPa in a porosity calcium phosphate 
system ceramic sintered compact according to claim 11. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention only not only in the artificial biomaterial which has the 
suitable biocompatibility for support, an object for bone supplementation, etc. which are used for 
culture of a cell and a body tissue The bulking agent for liquid chromatography, catalyst support, 
various kinds of electrical and electric equipment and electronic ingredients, It is related with the 
porosity calcium phosphate system ceramic sintered compact obtained by the method of 
manufacturing a useful porosity calcium phosphate system ceramic sintered compact to a 
nuclear reactor material, a ceramic heater, etc., and its manufacture approach. It is related with 
the porosity calcium phosphate system ceramic sintered compact obtained by the method of 
manufacturing the porosity calcium phosphate system ceramic sintered compact which has 
especially high intensity, and its manufacture approach 
[0002] 

[Description of the Prior Art] As for the ceramics, various kinds of heat resisting materials, 
structure material, and functional material to which technological innovation progressed to and 
applied thermal resistance, a mechanical strength, insulation, a ferroelectricity, piezoelectric, 
semi-conductivity, magnetism, etc. are developed quickly in recent years. Especially, since the 
mineral constituent and structure of a gear tooth or a bone are alike, the calcium phosphate 
system ceramics (for example, hydroxyapatite) has the outstanding biocompatibility, and is used 
as biomaterials, such as a dental implant, and bone supplementation material, dental cement 
[0003] The viewpoint of biocompatibility to the calcium phosphate system ceramics is so good 
that porosity is so high that porosity. For this reason, the water soluble polymer gelling method is 
proposed as an approach of manufacturing the porosity calcium phosphate system ceramics 
from the former. The water soluble polymer gelling method is the approach of drying, where it 
made it gel by heating the slurry which was made to carry out foam formation and carried out 
foam formation and air bubbles are held by stirring the slurry of the ceramics and a water soluble 
polymer compound (JP,3058174,B). The porous ceramics obtained by the approach of 
JP.3058174,B are the apertures 20-2000 originating in air bubbles. It has the globular form macro 
pore of mum, and the three-dimension free passage hole formed of the gap of the spherical 
aggregated particle fine particles which consist of floe of a ceramic raw material primary particle. 

[0004] However, the porosity calcium phosphate system ceramics obtained by such water 
soluble polymer gelling method had the weak degree of sintering of a matrix part, it is difficult to 
obtain a high mechanical strength, and it needs to improve mechanical strengths, such as flexural 
strength. 

[0005] Therefore, the object of this invention is offering the manufacture approach of a porosity 
calcium phosphate system ceramic sintered compact of having moderate porosity and high 
intensity. 
[0006] 

[Means for Solving the Problem] In view of the above-mentioned technical problem, 
wholeheartedly, by stirring strongly the slurry containing the calcium phosphate system ceramic 



fine particles which performed temporary quenching treatment, and a water soluble polymer 
compound, this invention persons discovered that the porosity calcium phosphate system 
ceramic sintered compact which has moderate porosity and high intensity was obtained, and 
completed this invention as a result of research. 

[0007] Namely, the approach of this invention of manufacturing the porosity calcium phosphate 
system ceramic sintered compact which has porosity 5 - 50 % using gelation of a water soluble 
polymer (1) The slurry containing the calcium phosphate system ceramic fine particles which 
performed temporary quenching treatment, and a water soluble polymer compound is produced. 
(2) By stirring a slurry strongly, calcium phosphate system ceramic fine particles are ground and 
distributed, and it is (3). It is made to gel and is (4). It is characterized by sintering after 
desiccation. 

[0008] For calcium phosphate system ceramic fine particles, the mean particle diameter which 
average major-axis length (the average die length of the direction of a major axis) becomes from 
the primary particle of the calcium phosphate system ceramics below 100 nm is 5-20. Consisting 
of a spherical aggregated particle of mum is desirable. It is the mean particle diameter of ah 
aggregated particle 5-20 When it becomes a final porosity calcium phosphate system ceramic 
sintered compact by being referred to as mum and making the configuration spherical, and a 
sintered compact with the thick matrix part used as a beam is obtained and reinforcement 
improves, the moldability of the Green block which are the stirring nature of a slurry and the 
desiccation object of gel improves, the weight ratio of calcium/P of calcium phosphate system 
ceramic fine particles — 1.5-1.7 it is — a thing is desirable. 

[0009] As for temporary quenching treatment, it is desirable to carry out at the temperature of 
700 - 850 **. 700 It is -850 ** and the reinforcement of calcium phosphate system ceramic fine 
particles can be raised by carrying out, without being accompanied by the grain growth by 
sintering. 

[0010] As for a water soluble polymer compound, it is desirable that they are cellulosics, such as 
methyl cellulose and a carboxymethyl cellulose. For the presentation of a slurry, a water soluble 
polymer compound is 1-10 to the calcium phosphate system ceramic fine-particles 100 weight 
section. It is desirable that it is the weight section. Since gelation becomes easy by this and 
slurry viscosity becomes moderate, grinding of an aggregated particle becomes easy. Moreover, 
as for the sum density of the calcium phosphate system ceramic fine-particles + water soluble 
polymer compound in a slurry, it is desirable that it is 20 - 50 % of the weight. Since the 
desiccation after gelation becomes easy by this and slurry viscosity becomes moderate, grinding 
of an aggregated particle becomes easy. 

[0011] It is desirable that the stirring force more than 50 W/L performs, and stirring grinding and 
distributed processing of a slurry are 1-60. It is desirable to carry out between parts. 
[0012] Especially the manufacture approach of the porosity calcium phosphate system ceramic 
sintered compact of this invention of having such a description is desirable when manufacturing 
a porosity hydroxyapatite sintered compact 

[0013] Since a matrix part is thick and the degree of sintering of the porosity calcium phosphate 
system ceramic sintered compact of 5 - 50 % is strong, the porosity obtained by the 
manufacture approach of this invention has the outstanding mechanical strength, i.e., the three- 
point flexural strength more than 15 MPa. 
[0014] 

[Embodiment of the Invention] The manufacture approach of this invention and the porosity 
calcium phosphate system ceramic sintered compact obtained by that cause are explained to a 
detail below. 

[0015] [1] As calcium phosphate system ceramics used for manufacture approach this invention, 
although there is especially no limit, the thing of 1.5-1.7 has the desirable weight ratio of 
calcium/P, for example, hydroxyapatite, tricalcium phosphate, and such mixture are mentioned. 
The weight ratio of calcium/P is 1.7. Since it becomes a mixture phase with a calcium oxide 
(CaO) after super-****** and sintering, it is not desirable. Conversely, if a weight ratio becomes 
lower than 1.5, decomposition of the calcium phosphate itself will become easy to take place. 
The desirable example of the porosity calcium phosphate system ceramic sintered compact 



which applies the manufacture approach of this invention is a porosity hydroxyapatite sintered 
compact [calcium10(PO4) 6 and 2]. Although the manufacture approach of this invention is 
explained to a detail taking the case of the case where a porosity hydroxyapatite sintered 
compact is manufactured, below, this invention is applicable to other calcium phosphate system 
ceramic sintered compacts. 

[0016] (1) Prepare the slurry containing the preparation hydroxyapatite fine particles and the 
water soluble polymer compound of a slurry. 

(a) It is necessary to carry out temporary quenching of the preparation hydroxyapatite fine 
particles of hydroxyapatite fine particles. While the reinforcement of hydroxyapatite fine particles 
increases, and too much grinding is not performed at the time of the below-mentioned grinding 
but control of a reduction ratio becomes easy by performing temporary quenching treatment, the 
fine-particles reinforcement which is equal to strong stirring is obtained. Hydroxyapatite fine 
particles are the mean particle diameter 5-20 which average major-axis length becomes from 
the primary particle below 100 nm. Consisting of a spherical aggregated particle of mum is 
desirable. When the average major-axis length of a primary particle exceeds 100 nm, when a 
primary particle is corned and it is made an aggregated particle, the crystal grain becomes big 
and rough too much, and the mean particle diameter of an aggregated particle is 5-20. In addition 
to what cannot be easily set to mum, sintering also becomes difficult As for the average major- 
axis length of a primary particle, it is desirable that it is 5 - 80 nm. An aggregated particle corns 
a primary particle and makes it granularity. In order to granulate the primary particle of 
hydroxyapatite, the well-known corning methods, such as the spray-drying method, can be used. 
It is the mean particle diameter of an aggregated particle 5-20 When it becomes a final porosity 
hydroxyapatite sintered compact by being referred to as mum and making the configuration 
spherical, and a sintered compact with the thick matrix part used as a beam is obtained and 
reinforcement improves, the moldability of the Green block which are the stirring nature of a 
slurry and the desiccation object of gel improves. 

[0017] Although heat-treated to an aggregated particle at a temporary-quenchingHireatment 
process, it is desirable to process at the temperature of 700 - 850 **, and, as for the processing 
time, it is desirable that it is 4 - 10 hours. Sufficient improvement in the reinforcement of 
hydroxyapatite fine particles cannot be attained as temporary-quenching temperature is less 
than 700 degrees C, but since 850 ** super-****** and sintering start, grain growth takes place. 
More desirable temporary-quenching temperature is 700 - 750 **. A moldability and handling 
nature do not improve substantially that temporary-quenching time amount is less than 4 hours. 
Moreover, 10 If time amount is exceeded, a sintering reaction will advance and sintering after 
shaping will become imperfection. In addition, although temporary quenching can be performed in 
atmospheric air, you may carry out in inert gas in order to prevent oxidation. 
[0018] (b) Gel the water soluble polymer compound which can be used for water soluble polymer 
compound this invention by giving means, such as heating, to the water solution or water 
dispersion. A water solution or a water dispersion includes both a water solution the colloidal 
solution an emulsion and suspension. As such a water soluble polymer compound, synthetic 
polymers, such as polysaccharide, such as cellulosics, such as methyl cellulose and a 
carboxymethyl cellulose, and curdlan, polyvinyl alcohol, polyacrylic acid, polyacrylamide, and a 
polyvinyl pyrrolidone, etc. are mentioned, and methyl cellulose is desirable especially. Moreover, 
it can be made to gel by adding boric acid or borax in the case of polyvinyl alcohol. 
[0019] (c) Set in a compounding ratio and a concentration slurry, and they are hydroxyapatite 
fine particles 100 It considers as the weight section and is a water soluble polymer compound 1- 
10 It is desirable to make it the weight section. Gelation is difficult in the addition of a water 
soluble polymer compound being under 1 weight section, and it is 10. Since the viscosity of 
weight ********** and a slurry becomes high too much, grinding of an aggregated particle 
becomes difficult The more desirable addition of a water soluble polymer compound is 1-5. It is 
the weight section. 

[0020] The sum density of the hydroxyapatite fine-particles + water soluble polymer compound 
in a slurry is 20-50. It is desirable that it is weight %. The sum density of these components is 
20. The desiccation after gelation takes time amount too much as it is under weight %, and gel is 



crushed after desiccation, and a porosity configuration cannot be maintained. On the other hand, 
sum density is 50. Since the viscosity of weight % supei^****** and a slurry becomes high too ' 
much, stirring grinding of an aggregated particle is difficult More desirable sum density is 25-40. 
It is weight %. 

[0021] (2) If the slurry of the grinding / distribution above-mentioned presentation is stirred 
strongly, it can grind from a front face, the aggregated particle, i.e., the hydroxyapatite fine 
particles, which carried out temporary quenching. The spherical nature of a particle improves by 
grinding, a sintered compact with the thick matrix part used as a beam is obtained, and, as a 
result, the reinforcement of a sintered compact can be raised. Moreover, since the fines 
produced by grinding serve as a binder of aggregated particles, it contributes to the improvement 
in on the strength of a sintered compact For grinding, the mean particle diameter of an 
aggregated particle is 5-20. It is desirable to carry out to extent which falls within the range of 
mum. Porosity with 5 - 50 % moderate by this, high intensity, and 5-1500 The sintered compact 
which has the average pore diameter of mum can be obtained. By having the porosity and 
average pore diameter of the above-mentioned range, when a sintered compact is used as an 
artificial biomaterial, the take of a cell and adsorption of various body tissues become 
advantageous. The mean particle diameter of an aggregated particle is 5. When handling nature 
does not improve that it is under mum, a particle gap becomes narrow, the consistency of a 
particle goes up too much, and the porosity of 5 - 50 % is not obtained. Moreover, 20 The 
contact range exceeding mum per grain children's unit surface area decreases in number, the 
bonding strength of mutual particles declines, and it becomes intolerable at the activity as bone 
supplementation material from a strong point 

[0022] As for the stirring force, it is desirable that it is more than 50 W/L By carrying out 
stirring conditions to more than 50 W/L, an aggregated particle can be ground efficiently. 
Grinding is inadequate in the stirring force being under 50 W/L, and the porosity hydroxyapatite 
which has high reinforcement is not obtained. In addition, the stirring force can be found by 
[amount [ of (the maximum output W) / water solution of an agitator ] (L)] x (actual rotational 
frequency/maximum engine speed). When the viscosity of a slurry becomes high, the output of 
an agitator increases seemingly, in order to maintain a rotational frequency. The sum density of 
the hydroxyapatite-case of this invention fine-particles + water soluble polymer compound in a 
slurry is 20-50. Since it is weight %, slurry viscosity teaches and does not change from the 
viscosity at the time substantially. Therefore, the effect of viscosity can be disregarded 
substantially. 

[0023] An impeller type homogenizer is mentioned as equipment with which such stirring force is 
acquired. Moreover, while making an impeller into the shape of a disk, it is desirable to use the 
stirring equipment of the structure which prepared the irregularity on a serrated knife in the 
periphery of a disk, and formed the baffle in the wall of a stirring container further. The impeller 
type homogenizers which have such structure are PH91, PA92 and HF93 made from S EMUTE 
FH94P, PD96, and HM10 grade. 

[0024] Generally mixing time is 1-60, although it is dependent on the stirring force. Extent 
between parts is desirable. It is desirable to include air bubbles in obtaining the sintered compact 
of moderate porosity at the time of stirring, and it is desirable detailed and to stir air bubbles at 
low temperature comparatively, in order to make it stabilize, while making it equalize. Specifically, 
it is desirable about 0-25 **, and to carry out by the solution temperature of 5 - 20 ** 
' especially. Moreover, the higher sintered compact of porosity can be obtained by pouring inert 
gas, such as air, nitrogen, and an argon, into the slurry under stirring. 

[0025] As for the slurry ground and distributed, it is desirable to carry out casting to the mold 
which stretched the flexible water resisting property film to the wall. Since the film exfoliates 
from a mold with contraction of the ceramics at the time of desiccation by this, neither collapse 
of the ceramics in the field which touches a mold, nor the crack in the interior happens, but the 
outstanding desiccation object is acquired. 

[0026] (3) In order to obtain a high sintered compact whenever precise from vacuum degassing, 
it is desirable to perform vacuum degassing. For example, after carrying out casting to the 
above-mentioned mold, degassing is put in and carried out to vacuum oven etc. Since the 



porosity of a sintered compact will become low if the conditions of vacuum degassing are too 
severe, it is not desirable. Generally a slurry is set to 40 **, and it is 60-180 at 0.1 - 1.0 torr. If a 
part indirect desulfurization bubble is carried out, the sintered compact excellent in the balance 
of whenever [ precise ] t and porosity will be obtained. 

[0027] (4) If the slurry fully ground and distributed by gelation stirring is heated under to 100 ** 
more than 80 **, it will gel according to an operation of water soluble polymer compounds, such 
as methyl cellulose. Moisture boils that gelation is inadequate in whenever [ stoving 
temperature ] being under 80 **, and it is more than 100 **, and the gel structure is destroyed. 
[0028] (5) As for desiccation of desiccation gel, it is desirable to carry out by holding to the 
elevated temperature (for example, under more than 80 ** - 100 **) which is extent which 
moisture does not boil. While contracting gel almost isotropic by desiccation, change serves as a 
high desiccation object (Green block) of the reinforcement which has detailed and uniform 
spherical macro pore at air bubbles, without producing a crack etc., since it does not happen. If 
moisture is lost mostly, it is good as for more than 100 **. 

[0029] (6) Si nee the water soluble polymer compound contained in a processing Green block 
acts as a binder, it has the mechanical strength which can be handled. Therefore, cutting can be 
carried out with a desiccation object, without performing temporary baking to the Green block. 
[0030] (7) In order to remove a water soluble polymer compound from the Green block which 
processed the cleaning predetermined configuration, perform cleaning processing if needed. 
Cleaning processing can be performed by heating to 300 - 900 **. 
[0031] (8) It is a sintering Green block at 1000 - 1250 ** 2-10 It sinters in time amount 
atmospheric air. The porosity hydroxyapatite sintered compact which has sufficient 
reinforcement as sintering temperature is under 1000 ** will not be obtained, and 1250 ** 
super-****** and hydroxyapatite will be disassembled into tricalcium phosphate and a calcium 
oxide. What is necessary is just to set up sintering time amount suitably according to sintering 
temperature. In addition, when skipping a cleaning process, it can serve as cleaning by carrying 
out temperature up gradually until it reaches sintering temperature. For example, it is desirable 
to carry out temperature up from a room temperature to about 600 ** with the programming 
rate of about 10-100 degrees C/o clock, then to carry out temperature up to sintering 
temperature with the programming rate at the time of about 50 - 200 **/, and to hold at this 
temperature. After the completion of sintering is annealed. 

[0032] [2] Porosity calcium phosphate system ceramic sintered compacts including the porosity 
hydroxyapatite sintered compact obtained by the manufacture approach of porosity calcium 
phosphate system ceramic sintered compact this invention are characterized by having 
moderate porosity and high flexural strength. (1) The porosity calcium phosphate system ceramic 
sintered compact of porosity this invention has the porosity of 5 - 50 %. 5 By under %, it is not 
enough, and since 50 % super^** and the mechanical strength are inadequate, biocompatibility is 
inferior to workability or handling nature. 

[0033] (2) Mechanical strengths including flexural strength fall to a general flexural strength 
target as porosity becomes high, but since a matrix part is thick and the degree of sintering of 
the porosity calcium phosphate system ceramic sintered compact of this invention is strong, 
they have the three-point flexural strength more than 15 MPa also in porosity 50 % on him. For 
this reason, it excels in workability or handling nature. Three-point flexural strength can be 
measured according to JIS R1601. 

[0034] (3) The average pore diameter of an average pore diameter porosity calcium phosphate 
system ceramic sintered compact is 5-1500. It is desirable that it is mum. 5 If it is under mum, 
trespass formation of a cell or a blood vessel will become difficult and it is 1 500. In mum **, 
since it becomes difficult to obtain the stable mechanical strength, the range of fluctuation of 
workability or handling nature becomes large too much for every product lot For the pore 
diameter in a porosity calcium phosphate system ceramic sintered compact, pore [ most (80% or 
more) since it is desirable that it is uniform ] is 50-500. It is desirable that it is the path of mum 
within the limits. 
[0035] 

[Example] Although the following examples explain this invention to a detail further, this invention 



is not limited to these. 

[0036] an example 1 — temporary quenching of the spherical powder object (mean particle 
diameter 10 mum) 160 g of the hydroxyapatite which consists of a primary particle (pitch 
diameter major-axis 78 nm, minor-axis 23 nm) of a long and slender configuration was carried 
out into atmospheric air by 700 ** for 4 hours. 

[0037] Obtained temporary-quenching fine-particles (mean diameter 10 mum, Ca/P ratio 1.67) 
150 g and 1-% of the weight water-solution 340 g of methyl cellulose (the product made from 
Wako Pure Chem Industry and viscosity:4000 cps measured at 20 degrees C as a water solution 
2% of the weight) were blended. The obtained slurry was supplied to the homogenizer (the 
product made from S EMUTE, PA92). while keeping slurry temperature at 8 degrees C — a 
slurry — the stirring force (the actual output at the time of stirring, 5500 rpm) of 50 W/L — 15 a 
part — between — while stirring strongly and making it distribute, temporary-quenching fine 
particles were ground. 

[0038] The obtained cellular content slurry is poured into a mold, and it is 2 at 83 **. Time 
amount heating was carried out and it was made to gel. By holding the obtained gel to 83 **, it 
dried thoroughly and the Green block was acquired. 

[0039] After processing the Green block into the configuration of 12.0x22.0x7.0 mm, 
Temperature up is carried out from a room temperature to 600 ** with the programming rate at 
the time of 50 **/in atmospheric air. Next, temperature up was carried out to 1 200 degrees C 
with the programming rate at the time of 100 **/, after calcinating at this temperature for 4 
hours, it cooled to 600 ** at the temperature fall rate at the time of 50 **/, and after holding at 
this temperature for 4 hours, it cooled to the room temperature at the temperature fall rate at 
the time of 100 **/. The porosity hydroxyapatite sintered compact was produced according to 
this sintering process, and the porosity and three-point flexural strength of a sintered compact 
which were obtained were measured. Moreover, the sintered compact front face was deleted 0.1 
mm using the milling cutter, and the front face was observed with the scanning electron 
microscope. The measurement result of porosity and three-point flexural strength is shown in a 
table 1 with a start raw material presentation, and a scan microphotography is shown in drawing 
1 (30 times) and drawing 2 (2000 twice). 

[0040] Except having set the loadings of example of comparison 1 hydroxyapatite to 850 g, 
having set the loadings of a 1-% of the weight water solution of methyl cellulose to 1975 g' and 
having agitated the obtained slurry using the KENMIX mixer (the actual output at the time of 
stirring: 5.5 W/L, rotational frequency 150 rpm, Made in the Aicohsha Factory), casting, gelation, 
desiccation, processing, and sintering were performed like the example 1, and the porosity 
hydroxyapatite sintered compact was produced. The porosity and three-point flexural strength of 
a sintered compact which were obtained were measured. Moreover, the front face of a sintered 
compact was observed with the scanning electron microscope like the example 1. The 
measurement result of porosity and three-point flexural strength is shown in a table 1 with a 
start raw material presentation, and a scan microphotography is shown in d rawin g 3 (30 twice) 
and drawii^_4 (2000 twice). From the breaking load which asked for three point flexural strength 
by measurement in span 1.7 cm based on JIS R1601 to the following formula: It is on-the- 
strength (kgf/cm2) =(3xPxL)/(2xaxb2). 
P ... Breaking load (kgf) 
I Span (cm) 

a ... Height of a test piece (sintered compact) (cm) 

b ... Width of face of a test piece (sintered compact) (cm) 

It was alike and computed more. 

[0041] Except having set the loadings of example 2 hydroxyapatite to 120 g, having set the 
loadings of a 1-% of the weight water solution of methyl cellulose to 250 g, and having agitated 
the obtained slurry for 1 minute by PA92 (the actual output at the time of stirring: 60 W/L 
rotational frequency 8000 rpm, product made from S EMUTE), casting, gelation, desiccation, 
processing, and sintering were performed like the example 1, and the porosity hydroxyapatite 
sintered compact was produced. The porosity and three-point flexural strength of a sintered 
compact which were obtained were measured. A measurement result is shown in a table 1 with a 



start raw material presentation. 
[0042] Except having stirred stirring of example of comparison 2 slurry for 1 5 minutes by 
EUROSTAR (the actual output at the time of stirring: 30 W/L, rotational frequency 1000 rpm, 
product made from IKA), casting, gelation, desiccation, processing, and sintering were performed 
like the example 2, and the porosity hydroxyapatite sintered compact was produced. The 
porosity and three-point flexural strength of a sintered compact which were obtained were 
measured. A measurement result is shown in a table 1 with a start raw material presentation. 
[0043] The slurry was stirred on the same conditions as an example 2 except having carried out 
mixing time by example 3 churning equipment in 1 hour. Subsequently, casting, gelation, 
desiccation, processing, and sintering were performed like the example 2, and the porosity 
hydroxyapatite sintered compact was produced. The porosity and three-point flexural strength of 
a sintered compact which were obtained were measured. A measurement result is shown in a 
table 1 with a start raw material presentation. 

[0044] The slurry was stirred on the same conditions as an example 3 except having used the 
KENMIX mixer (the actual output at the time of stirring: 5.5 W/L, rotational frequency 1 50 rpm, 
Made in the Aicohsha Factory) as example of comparison 3 churning equipment. Subsequently,' 
casting, gelation, desiccation, processing, and sintering were performed like the example 2, and 
the porosity hydroxyapatite sintered compact was produced. The porosity and three-point 
flexural strength of a sintered compact which were obtained were measured. A measurement 
result is shown in a table 1 with a start raw material presentation. 

[0045] The slurry was produced like example 4 example 1, and degassing of this was carried out 
by 40in vacuum oven **, and 0.1 torr. Casting, gelation, desiccation, processing, and sintering 
were performed like [ slurry / after degassing ] the example 1, and the porosity hydroxyapatite 
sintered compact was produced. The porosity and three-point flexural strength of a sintered 
compact which were obtained were measured. A measurement result is shown in a table 1 with a 
start raw material presentation. 
[0046] 

Table 1 Item Example 1 Example 1 of a comparison Example 2 Example of comparison 2 methyl- 
cellulose 1% water solution 340 g 1975 g 250 g 250 gHA fine particles (*) 150 g 850 g 120 g 120 g 
stirring equipment PA-92 KENMIX PA92 An EUROSTAR stirring rotational frequency 5500 rpm 
150 rpm 8000 rpm 1000 rpm mixing time 15 minutes 15 minutes 1 minute The maximum output 
of 15-minute stirring equipment 120 W650 W 120 W 75 W 2400 W/L 329 W/L 2400 W/L 2000 
W/L — actual — an output 50 W/L 5.5 W/L 60 W/L 30 W/L porosity 40.0 % 40.0 % 50.0 % 50.0 % 
3-point flexural strength 25.0 MPa15.0 MPa 17.0MPa 11.0 MPa notes * : Hydroxyapatite fine 
particles. 
[0047] 

Table 1 (continuation) 

An item Example 3 Example 3 of a comparison Example 4 methyl-cellulose 1% water solution 250 
g 250 g 340 g HA fine particles (*) 120 g 120 g 150 g Stirring equipment PA92 KENMIX PA92 
Stirring rotational frequency 8000 rpm 150 rpm 5500 rpm Mixing time 60 minutes The maximum 
output of 60-minute stirring [ 15 minute ] equipment 120 W 650 W 120 W2400 W/L 329 W/L 
2400 W/L A actual output 60 W/L 5.5 W/L50 W/L Porosity 25.0 % 25.0 % 5.0 %3-point flexural 
strength 51.0 MPa 35.0 MPa 100 MPa notes *: Hydroxyapatite fine particles. 
[0048] The porosity calcium phosphate system ceramic sintered compact of this invention is 
excellent in flexural strength so that clearly from a table 1. Moreover, in spite of being porosity 
comparable as the thing of the example 1 of a comparison, the matrix part used as a beam is 
thick (refer to drawing 2 and drawing 4 ), and the porosity hydroxyapatite sintered compact of an 
example 1 is 50-500. It has the pore diameter of mum and it turns out that there is much 
detailed pore compared with the thing of the example 1 of a comparison (refer to drawing 1 and 
drawing 3 ). 
[0049] 

[Effect of the Invention] The approach of this invention of manufacturing a porosity calcium 
phosphate system ceramic sintered compact stirs remarkably strongly the very ****** slurry of 
the calcium phosphate system ceramic fine particles and the water soluble polymer compound 



which performed temporary quenching treatment as a result, a matrix part is thick, and the 
degree of sintering is strong, and the sintered compact to which pore size was equal is obtained 
as explained in full detail above. The porosity calcium phosphate system ceramic sintered 
compact of moderate porosity and high intensity can be manufactured efficiently, without 
according to the approach of this invention, producing a crack etc. at a desiccation process, 
since the contraction in the case of desiccation advances almost isotropic. 
[0050] Since the porosity calcium phosphate system ceramic sintered compact of this invention 
has not only the moderate porosity of 5 - 50 % but a high mechanical strength and cutting ability, 
it is useful not only to the artificial biomaterial which has the suitable biocompatibility for 
support, an object for bone supplementation, etc. which are used for culture of a cell and a body 
tissue but the bulking agent for liquid chromatography, catalyst support, various electrical and 
electric equipment and electronic ingredients, a nuclear reactor material, a ceramic heater, etc. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the scan microphotography (30 twice) of the porosity hydroxyapatite sintered 
compact obtained in the example 1. 

[Drawing 2] It is the scan microphotography (2000 twice) of the porosity hydroxyapatite sintered 
compact obtained in the example 1. 

[Drawing 3] It is the scan microphotography (60 twice) of the porosity hydroxyapatite sintered 
compact obtained in the example 1 of a comparison. 

[Drawing 4] It is the scan microphotography (2000 twice) of the porosity hydroxyapatite sintered 
compact obtained in the example 1 of a comparison. 
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